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DETAT1.ED DESCREPTlbN OF THE PREFERRED EMBODIMENTS 

Preferred embodiments of the present invention will now be described in detail 
with reference to the accompanying drawings. 

FIQ 1 is a block diagram illustrating a nonvolatile s^nioonductor memory 
5 device according to an embodiment of the present invention. The nonvolatile 

semiconductor memory device of FIQ 1 includes a nonvolatile memory cell array 10, a 
column decoder 12, a row decoder 14, a sense amplifier 16, a write driver 18, a data 
outpxit buffer 20, a data ii^iut buffer 22, a jwogram detecting circuit 24, and a controller 
26. 

10 Functions of the above-referenced components of the nonvolatile sendconductor 

memory device of FIG 1 are explained below. 

The nonvolatile memory cell array 10 includes a one-time programming 
("OTP") region and a normal region. Data can be written to the OTP region only one 
time and is accessed by a word line selecting signal WLl - Data written to the normal 

15 region may be written or read rq>eatedly and accessed by word line selecting signals 

WL2 to WLn. The column decoder 12 decodes a column address Y to generate column 
selecting signals Yl to Ym. The row decoder 14 decodes a row address X to generate 
the word line selecting signals WLl to WLn. The sense amplifier 16 amplifies a signal 
"do" output fit>m the nonvolatile memory cell array 10 and generates amplified data 

20 "ddo** in response to a sense amplifier enable signal MS AEN. The write drivo* 1 8 

writes buffered data "ddi" in the nonvolatile memory cell array 10 in response to a wTite 
driver e nable signal WDEN. The data output buffer 20 buffers the amplified data "ddo' 
to generate output data DO in response to a data output enable signal DOEN. The data 
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input buffer 22 buffers input data DI to geno-ate to the buffered data *'ddi" in response to 
a data input enable signal DIEN. The program detecting drciut 24 compares the 
amplified data "ddo'' to generate a comparison detecting signal DET in response to a 
signal DIS. The controller 26 is enabled when an inverted chip enable signal CEB 
5 having a logic "low" level is applied. The controller 26 activates the sense amplifier 
enable signal MSAEN for a read operation when an inverted write enable signal WEB 
having a logic 'liigh" level is ^pUed. The controller 26 activates the data output enable 
signal DOBN wh» an inverted output enable signal OEB having a logic 'low" level is 
applied. Also, the controller 26 inactivates the signal DIS when the inverted write 

10 enable signal WEB having a logic ''low" level and a specific mode signal TM having a 
logic "low" level are applied. The controller 26 activates the data input enable signal 
DIEN and the sense amplifier enable signal MSAEN when the inverted write enable 
signal WEB having a logic "loV* level» the specific mode signal TM having a logic 
'liigh" level, and the word line selecting signal WLl are applied. The controller 26 

IS activates the write driver enable signal WDEN in response to the comparison detecting 
signal DET. 

The nonvolatile semiconductor memory device of FIQ 1 detects wheth^- the 
OTP region of the nonvolatile memory cell array 10 is programmed during a write 
operation by tiie program detecting circuit 24* hiherent data is written to the OTP 
20 region if data is not recorded in the OTP re^on. Inherent data cannot be written in the 

OTP region if data is already recorded 

FIG 2 is a flow dbart illustrating a method of writing data in the one-time 
programming region of the nonvolatile semiconductor memory device of FIG 1 . 



PAGE 3tU * RCVD AT 3/10/2008 1 :56:15 PM [Eastern Standard Time] * SVR:USPTO-EFXRF-1/16 * ONI8:273063S * C8ID:S16 692 8889 ^ DURATION (nnin-ss):04-44 



Mar 10 20q6 2:54PM F.CHRU & RSSOCIRTES, LLC 51G-6S2-8889 p. 4 

First, a semiconductor manufacturer applies the inverted chip enable signal CEB 
having a logic "low*' level to the nonvolatile semiconductor memory device (step 100), 
whereby an operation of the nonvolatile semiconductor memory device is enabled. 

Next, the semiconductor manufacturer ^lies the inverted write enable signal 
5 WEB having a lo&c "low" level to the nonvolatile semiconductor memory 
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device (stq) 1 1 0). When the inverted write enable signal WEB having a logic "lo V 
level is supplied, the controller 26 activates a data input enable signal DIEN. 

If the inverted write enable signal WEB docs not have a logic 'low" level, a read 
operation is perfonned (step 120). That is, when the inverted write enable signal WEB 
5 having a logic **high" level is ^plied, the controller 26 activates the sense amplifier 
enable signal MSAEN and the data output enable signal DOEN. 

If the inverted write enable signal WEB having a logic 'low^ level is applied, it 
is determined whetho' or not a specific mode signal TM has a logic **low'' level (step 
1 30). If the specific mode signal TM has a logic 'liigji" level, a write operation is 
10 perfomied (step 140), However, if the specific mode signal TM has a logic "low** level, 
certain data is written in tfie OTP region of the nonvolatile memory cell array 1 0 of FIG 
1 (step 150). 

In more detail, the controller 26 inactivates a signal DIS in response to the 
specific mode signal TM having a logic "low** level. The row decoder 1 4 decodes a row 

15 address X to activate a word line selecting signal WLl , and the colunan decode 12 

decodes the colimm address Y to genmte one of the column selecting signals Yl to Ym 
to access the OTP region. The data ii^jut buffer 22 buffers and outputs externally iiiput 
data, and the write driver 1 8 applies the buffered data to the nonvolatile memory cell 
array 1 0, whereby certain data is written in the OTP region of the nonvolatile memory 

20 cell array 1 0 of FIG 1 . By repeatedly performing the method described above while 
changing the column 
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address Y, certain data is written in the OTP region of the nonvolatile monory cell array 

la 

When a power voltage is applied to a power voltage applying pad after certain 
data is written in the OTP region of the nonvolatile manory cell array 10, a specific mode 
5 signal TM connected to the power voltage applying pad is enabled. 

FIG 3 is a flow chart illustrating the one-time programming control method of 
the nonvolatile semiconductor memory device of FIG 1 . In particular, FIG 3 shows an 
operation of the step 140 of FIG 2. 

The X and Y addresses and data are inputted (step 300). The row decoder 14 
10 decodes the row address X to select one of the word line selecting signals WLl to WLn, 
and the column decoder 12 decodes the colunm address Y to select one of the column 
selecting signals Yl to Ym. 

The controller 26 detennines whether the word line selecting signal WLl is 
activated (step 310). 

IS If the word line selecting signal WLl is not activated, the controller 26 

inactivates the sense amplifier enable signal MSAEN and the signal DIS in response to 
the word line selecting signal WLl (step 320). 

If the word line selecting signal WLl is activated, the controller 26 activates the 
sense amplifi^ enable signal MSAEN and the signal DIS in response to the word line 
20 selecting signal WLl (step 330). 

The program detecting circuit 24 compares data "ddo" output fix)m die smse 
an3?)lifier 16 to generate the comparison detecting signal DET (step 340). The program 
detecting circuit 24 compares whether data "ddo" output from the sense amplifier 16, i.e., 
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data read from tiie OTP region, are all "0" (or "1"). If the data are aU "0" (or "1"), the 
program detecting dreuit 24 activates a comparison detecting signal DET. In other 
cases, the comparison detecting signal DET is inactivated. 

The control!^ 26 detamines whether the comparison detecting signal DET is 
5 activated (step 350). 

If the comparison detecting signal DET is activated, the controller 26 activates 
the write dnviLenable signal WDEN (step 360). Also, the step 360 is performed after 
the step 320. 

On the other hand, if the comparison deeding signal DET is inactivated, the 
10 controller 26 inactivates the write driv^ m able signal WDEN (step 370). Subsequent to 
the step 360, operation of the write driver 18 is enabled, so that buffered it^ut data "ddi** 
output from the data input buffer 22 is written in the nonvolatile memory cell array 1 0 of 
FIG 1 (step 380). 

In the step 300, the X and Y addresses and data are simultaneously applied, but 

15 the X and Y addresses and data can be sequentially ^plied. 

In the embodiment described above, the nonvolatile semiconductor memory 
device of FIG 1 and one-time programming control circuit activate the write driver 
eaoble signal WDEN to write data in the normal region of the nonvolatile memory cell 
array 1 0 ^^n the normal region is selected during a write operation. When the OTP 

20 region is selected, the sense amplifier enable signal MSAEN is activated to determine 

whether inherent data is programmed in the OTP region, and the signal DIS is activated, 
so that operation of the program detecting circuit 24 is enabled. If inherent data is 
programmed, the controller 26 inactivates the write driver e nable signal WDEN. If 
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inherent data is not programmed, the controll^ 26 activates the write driver e nable signal 
WDEN to write inherent data in the OTP region. 

FIG 4 is a block diagram illustrating a nonvolatile semiconductor memory 
device according to another embodiment of the present invention. The nonvolatile 
5 semiconductor memory device of FIG 4 includes a nonvolatile memory cell array 10', a 
column decoder 12, a row decoder 14, a sense amplifier 16, a write driver 18, a data 
output buffer 20, a data input buffer 22, first and second program detecting circuits 24-1 
and 24-2, and a controller 26\ 

The nonvolatile semiconductor memory device of FIG 4 has the first and second 
10 program detecting circuits 24-1 and 24-2 and the controller 26' instead of the program 

detecting circuit 24 and the controUer 26, respectively. The nonvolatile memory cell array 
10' includes a normal region, an OTP region and a amitv ^lock b it region, unlike the 
nonvolatile memoiy cell array 10 of FIG 1 having the normal region and the OTP region. 

Functions of components of the nonvolatile semiconductor memory device of 
IS FIG 4 are explained bdow. bi FIGs. 1 and 4, like reference nimierals denote like parts 
and perform like opo^ons, and thus functions of added or changed components are 
explained below. 

In the nonvolatile m«nory cell array 10% the one-time programming (OTP) 
region and the prnty -lock b it region are accessed by a word line selecting signal WLl , 
20 and the normal region is accessed by word line selecting signals WL2 to WLn. Inherent 
data can be progranuned in the OTP region only one time* Parity dD ata "0" (or "1 ") is 
written to tiie parity -lock b it region when the certain data are completely stored in the 
OTP region. 
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The first program detectiiig circuit 24-1 is enabled in respoiose to a signal DIS 1 
to detect whether data of the gmly -lock b it re^on output fix)m the sense amplifier 16 is 
'*0'* (or "1") to generate a first comparison detecting signal DETl . The second program 
detecting circuit 24-2 is enabled in response to a signal DIS2 to detect whether data 

5 oulput bom the sense ampMer 16 are all **0*' (or "1 *^ to generate a second comparison 
detecting signal DET2. 

The controller 26* is enabled when an inverted chip enable signal CEB having a 
logic "low" level is ^plied. The controller 26' activates a sense amplifier enable signal 
MSAEN for a read operation when an inverted write enable signal WEB having a logic 

10 'Tiigh" level is applied. The controller 26' activates a data output enable signal DOEN 
when an inverted output enable signal OEB having a logic "low*' level is applied. Also, 
the controller 26' inactivates signals DISl and DIS2 when the inverted write enable 
sig^al WEB having a logic ^low" level and a specific mode sigoa] TM having a logic 
**low*' level are applied. The controller 26' activates a data input enable signal DIEN, 

IS the sense amplifier enable signal MSAEN and the signal DIS 1 when the inverted write 
enable signal WEB having a logic "low" level, a specific mode signal TM, and a word 
line selecting signal WLl having a logic **high'* level are applied. The controller 26' 
activates the signal DIS2 when the signal DETl is activated. 
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The nonvolatile semiconductor memory device of FIG. 4 determines whether the 
OTP region is programmed using data of the paritv -lock b it region to generate a first 
comparison detecting signal DETl, and then determines whether the OTP region is 
programmed using data of the OTP region to generate a second comparison detecting 
5 signal DET2. Therefore, if it is determined that the OTP region has been programmed 
one time, a write driver e nable signal WDEN is inactivated, thereby preventing data fcom 
being written in the OTP region. 

FIG 5 is a flow diart illustrating a method of writing data in the one-time 
programming region of the nonvolatile semiconductor memory device of FIG 4. 
10 Steps of like reference numerals in FIGs. 2 and S perform like operations. The 

mettiods of FIGs. 2 and S differ in steps ISO and 200. 

In the step 200, certain data is written in the OTP region of the nonvolatile 
memory cell array 10% and when data is completely written in the OTP region, parity - 
lock d ata **0** (or is written in the parity -lock b it region. 
15 That is, after the certain data "0" (or "1") is written in the OTP region of the 

nonvolatile memory cell array 10' by the same way as the step ISO of FIG 2, the parity 
lock d ata "0" (or "1") is written in the parity -lock b it region. 

FIG 6 is a flow chart illustrating a one-time programming control method of the 
nonvolatile semiconductor memory device of FIG 4. In particular, FIG 6 shows 
20 operation of the step 1 40 of FIG S. 

The X and Y addresses and data are inputted (step 400). The row decoder 14 
decodes the row address X to select one of the word line selecting 
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signals WLl to WUi, and the cohimn decoder 1 2 decodes the colunra address Y to select 
one of the column selecting signals Yl to Ym. 

The controller 26' determines whether the word line selecting signal WLl is 
activated (step 410). 

5 If the word line sdiecting signal WL 1 is not activated, the controller 26' 

inactivates the sense amphfier enable signal MSAEN and inactivates signals DISl and 
DIS2 (step 420). 

If the word line selecting signal WLl is activated, the controller 26' activates the 
scaise amplifier enable signal MSAEN and activates the signal DISl {step 430). 
10 The first program detecting circuit 24-1 compares a paaty -lodc b it output fix)m 

the sense amplifier 1 6 to generate the first comparison detecting signal DETl (step 440). 
For example, the first program detecting circuit 24-1 compares whether data read fiom 
the pasty-lodLbit region is "0"(or "1"). If the data is '*0'* (or *'rO. the first comparison 
detecting signal DETl is activated. If the data is "1", the first comparison detecting 
15 signal DETl is inactivated. 

The controller 26' determines wheth^ the first comparison detecting signal 
DETl is activated (step 450). 

If the first comparison detecting signal DETl is not activated, tiie controller 26' 
inactivates the write driver e nable signal WDEN (step 460). 
20 On the other hand, if the first comparison detecting signal DETl is activated, the 

controller 26' activates the signal DIS2 (step 470). 
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The second program detecting circuit 24-2 compares data output fix>m the sense 
amplifier 16 to generate the second comparison detecting signal DET2 (step 480). For 
example, the second program detecting circuit 24-2 is enabled in response to the signal 
DIS2 to compare whether data read from the OTP region are all "0" (or "1"). If the data 
5 are all '*0'' (or "1"), the second comparison detecting signal DET2 is activated. In other 
cases, the second comparison detecting signal DET2 is inactivated. 

The controller 26' determines wh^er the second comparison detecting signal 
DET2 is activated (step 490). 

If the second comparison detecting signal DET2 is not activated, the step 460 is 
10 performed. For example, the controller 26 * inactivates the write driver mable signal 
WDEN. 

On the other hand, if the second comparison detecting signal DET2 is activated, 
the controller 26* activates the write driver e nable signal WDEN (step 500), Also, the 
step 500 is performed after the step 420. 
15 Then, operation of die write driver 1 8 is enabled in response to a write driver 

enable signal WDEN, thereby writing data in the nonvolatile memory cell array 10* (step 
510). 

In the nonvolatile s^niconductor memory device of FIG 4, when the OTP 
region of the nonvolatile memory cell array 10' is selected and one bit or a predetermined 
20 bit of data is read, a pm^v -lockb it data of the parity -lock b it region is simxiltaneously 
selected to be output to the sense amplifier 16. 
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Also, when the OTP region is selected and one bit or a predetermined bit of data 
is read after the one-time programming is performed in Ae OTP region, one bit or a 
predetermined bit of data "0" (or "1'*) is stored *'as is". In this case, the nonvolatile 
semiconductor mmory device of FIG 1 can not protect inherent data stored in the OTP 
S region because the program detecting circuit activates a comparison detecting signal to 
enable the write driver e nable signal WDEN. However, even in the case that one bit or 
a predetermined bit of data "0" (or "1'") is stored **as is**, the nonvolatile semiconductor 
memory device of FIG 4 can protect inherent data safely because the write driver e nable 
signal WDEN is enabled only when the first comparison detecting circuit compares the 

10 gaatv -lock b it to activate a first comparison detecting signal^ and then the second 

comparison detecting circuit compares data stored in the OTP region to activate a second 
comparison detecting signal. 

In accordance with at least one mbodiment of the present invention, the one- 
time programming control method of the nonvolatile semiconductor monory device of 

15 the present invention can be applied to sraiiconductor memory devices having a 

nonvolatile memory cell array which perform a write operation and a read operation and 
do not need to perfomi an ^ase operation. 

It should be s^preciated that, in the nonvolatile semiconductor device described 
above, the program detecting circuit may be included in the control means. 

20 As described herein before^ the nonvolatile semiconductor memory device of the 

present invention and the one-time programming control mettiod thereof,^ which do not 
need to perform an erase operation, can safely protect inherent data stored in the one-time 
programming region of a nonvolatile memory cell array. 
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While the invention has been particularly shown and described with reference to 
preferred embodiments thereof it will be und»stood by those skilled in the art that the 
foregoing and other changes in form and details may be made therein without departing 
from the spirit and scope of the invention. 
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